ABSTRACT
I. INTRODUCTION
The passage of the No Child Left Behind Act of 2001 highlights the continuing problems associated with funding quality primary and secondary public education in the United States. In large part, this new legislation places greater responsibilities on state and local governments in terms of funding and standards. The variation in state-level education funding, fiscal capacity, and educational outcomes are all of interest in this legislation. While debate will continue as to the effectiveness of the new legislation, one fact is clear; state and local governments must fund these new responsibilities while balancing tight budgets and facing greater demand for education services. 1 The current state budget crises are creating a further obstacle to improving and funding public education. State budget deficits for FY 2002 totaled $37 billion, and estimates for FY 2003 forecast a collective budget deficit of nearly $50 billion. 2 These fiscal pressures at the state level are equaled by financial pressures at the local level, forcing local officials across the country to make drastic cuts in school district expenditures. As an example, several school districts in California will experience cuts ranging from $23 million to $52 million over the next year; and many Minnesota school districts are facing cuts in the $10 million to $20 million range. 3 Financing education is as an important responsibility for state and local governments. In fiscal year 1999, state governments spent $126 billion on higher education and local governments spent over $350 billion on primary and secondary education. These totals represent 13 percent and 38 percent of total expenditures, respectively. Of particular interest here are per pupil expenditures at the primary and secondary levels. 4 The national average per pupil expenditure in 1999 was $6,638. Alaska ranks number one with per pupil expenditures of $10,600, and
Mississippi ranks fiftieth with an expenditure of $4,658 per student. Regarding the state studied here, Arkansas invested $5,545 of state funds per enrolled student (rank of 42) during the 1999 academic year. This figure includes expenditures on capital outlays, interest on debt, and programs that support adult education. Excluding these categories produces current expenditures that are more representative of spending on instruction and student support activities at the primary and secondary levels. On this basis, Arkansas per student funding was $4,752. 5 In order to meet legislated responsibilities and ease increasing budget pressures, we argue that state and local governments can attend to the inefficiencies that plague their K-12 education production process. The inefficiency is the distribution of education funding across far too many, and far too costly, administrative units. A consolidated school district can produce an equivalent level of output at a lower cost per student by avoiding redundant expenditures. For example, a consolidated district would require fewer administrators or specialized instructors than is required when the same enrollment level is disjoint across separate districts. We show that exploiting the economies of scale in the education production functions of Arkansas school districts can provide measurable cost-savings. These savings could be used in whatever manner deemed appropriate, including measures intended to increase the quality of education. 6 While these costs are easily quantified, there are also several implicit costs from consolidating that may prevent the full dollar savings from being realized.
Previous research on education scale economies is extensive (see Fox, 1981; Callan and Santerre, 1990; Duncombe, Miner and Ruggiero, 1995; Duncombe, Ruggiero, and Yinder, 1996; and Andrews, Duncombe, and Yinger, 2002 for a sample of the work done is this area). This paper contributes to the literature in several ways. First, we estimate scale economies for school districts in Arkansas, a state that has not received attention in the literature. While most studies have found significant economies of scale in the production of education, there is significant variation in the magnitude of this scale. 7 Thus, there is no reason to assume that the findings in a particular state can be generalized to all states. We compute cost elasticities for total variable costs as well as for transportation, teacher salary, and supply costs. Our estimates are somewhat different than those obtained by Duncombe, Miner and Ruggiero (1995) who performed a similar analysis for New York school districts. This paper also accounts for the endogeneity of several student outcome measures and input prices, while at the same time providing more direct measures of inefficiency through the use of Stochastic Frontier Analysis (SFA).
Many studies on scale economies in public education implicitly suggest that cost-savings could be had from consolidation. Here we attempt to quantify the cost-savings of consolidating school districts by simulating a consolidation scenario where several neighboring rural, lowenrollment school districts are consolidated into a single district. In addition, while we show that there are significant cost savings from consolidation based on standard cost function estimation, we discuss several costs that may arise from consolidation, thus reducing the total possible savings from consolidation. School leaders, the public, and state and local government officials should know the costs and savings from consolidating school districts when discussing school district reorganization.
II. CONCEPTUAL AND EMPIRICAL MODELS

A. Education Production and Costs
Hanushek (1986), Duncombe, Miner, and Ruggiero (1995) , and Duncombe, Ruggiero, and Yinger (1996) provide detailed background on the conceptual model for education production and the derivation of school district cost functions. Essentially, any model of education production must link student achievement to school resources and demographic This test score variable is the average score on the three sections of the ACT test -English, comprehension, and mathematics. Both measures of student achievement are simultaneously determined with expenditure decisions. Student characteristics and family background are measured by the percent of students below the poverty level, the percent of students receiving free lunches, and the percent of adults in the district's county that have a college education.
Our median voter education demand model closely follows that of Downes and Pogue (1994) and Duncombe, Miner, and Ruggiero (1995) . We include median household income for each school district's county, state and federal operating aid to each district, the district tax rate on real and personal property, the percent of owner occupied housing, and population.
All variables except those in percentages are transformed to natural logarithms.
Descriptive statistics for each variable are shown in Table 1 .
[ Table 1 about here]
The cost equation (3) can be estimated by OLS with the resulting coefficients used to estimate the cost elasticity in (4) . 10 However, OLS fails to account for the simultaneity of both student achievement and input prices with district expenditures (rendering OLS inconsistent), and it does not account for possible inefficiencies as measured by u i .
Our estimation procedure is as follows: To account for the endogeneity of student achievement and input prices, these variables are first regressed on a set of instruments that reflect the median voter's demand for education in each school district, as well as all exogenous variables in the cost equation (3). 11 The predicted values from these regressions are then substituted into the cost equation (3). This is two-stage least squares (2SLS) without the covariance matrix adjustment. Next, we perform Stochastic Frontier Analysis (SFA) on the cost equation (3) that includes the predicted values for student achievement and teacher input price rather than actual values. 12 Once SFA is done, the covariance matrix is adjusted to arrive at the corrected standard errors for the second stage cost function SFA regressions.
13
SFA allows estimation of inefficiency by expressing the disturbance term as i = µ i + i where i represents random variation in each school district's costs outside school district control, and µ i is a measure of cost inefficiency due to factors such as poor management, low morale, etc. The restriction µ i $ 0 reflects the fact that each school district's costs must lie at (µ i = 0) or above (µ i > 0) its cost frontier. SFA is implemented using maximum likelihood estimation and provides estimates for and , where = µ / . A larger than µ ( < 1) 2 ,
III. RESULTS Equation (3) is estimated using total costs, teacher salary costs, transportation costs, and supply costs to explore scale differences between the various costs. The cost function estimates are shown in Table 2 . 14 The coefficients on enrollment and enrollment squared reflect the Ushaped average cost curves, although the enrollment coefficients in the transportation cost model are not statistically significant at conventional levels. The estimates for reveal that, except for transportation costs, the majority of overall model residual is explained by inefficiencies. It appears that there is relatively little variation in cost frontiers across school districts, but there is significant variation in costs above the frontiers.
[ Table 2 about here]
The cost elasticity (g CY ) for each cost is computed using equation (4) and the mean value for enrollment (1, 261) . 15 The cost elasticity is:
where 1 and 2 are the coefficient estimates on enrollment and enrollment squared, respectively
The precision of each cost-elasticity estimate is measured by its standard error.
16
Each cost-elasticity and its standard error are listed in Table 3 . With respect to point estimation, all four elasticities reveal economies of scale in the production of education.
However, the elasticities for transportation and supply costs have relatively larger standard errors, thus making these estimates less precise (in terms of statistical significance) at the mean level of enrollment than total costs or teacher salary costs.
[ Table 3 about here]
The cost elasticities in Table 3 were computed using the mean value of enrollment.
While this is the traditional method used to computing elasticities, it is difficult to determine how scale economies change over various ranges of output when relying on an elasticity computed at the mean. If school districts consolidate to experience cost-savings, the elasticities do not provide a clear picture of the cost-savings that school districts of different sizes would experience since the degree of scale economies will certainly differ for enrollment levels above and below the mean. We present the estimated average variable cost curves for each cost in Figure 1 and Figure 2 to provide a general idea of the potential cost-savings from consolidation for different size school districts.
[ Figure 1 about here]
[ Figure 2 about here]
In accordance with their cost-elasticity estimates, transportation and supply costs clearly decrease with enrollment at a much greater rate than all other costs. In fact, at the mean level of enrollment, transportation and supply costs per student appear to remain constant with respect to enrollment changes, which supports the earlier finding that the transportation and supply elasticities are not statistically different than zero.
Minimum efficient scale (g CY not statistically different than zero at = 0.05) was computed for each cost. Total costs, teacher salary costs, and supply costs reach minimum efficient scale at enrollments of 3,500, 1,850, and 525, respectively. For transportation costs, minimum efficient scale is achieved over all ranges of enrollment. However, it is unlikely that actual transportation costs per student are constant over all ranges of enrollment, but rather the large variation in transportation costs across districts makes any decrease in costs per student at low enrollment levels (as suggestive by the large cost-elasticity estimate and Figure 2) statistically insignificant. Visual inspection of Figure 2 suggests a minimum efficient scale for transportation costs in the range of 500 to 1,000 students, a result similar to Duncombe, Miner, and Ruggiero (1995) .
There is wide variation in minimum efficient scale estimates in the literature. Deller and Rudnicki (1993) found that minimum efficient scale for total costs in Maine school districts occurred at 2,000 students. Duncombe, Miner, and Ruggiero (1995) estimated minimum efficient scale for total costs in New York school districts occurs at 6,500 students, for instructional costs at 1,800 students, and transportation costs at 1,200 students. Riew (1986) found large scale economies exist in Wisconsin school districts up to 1,500 students, and Jacques, Brorsen, and Richter (2000) found scale economies exist up to 1,000 students in Oklahoma school districts. One explanation for the difference in these findings is that several studies reached their conclusions based upon visual inspection of average variable cost curves, whereas others computed cost-elasticity estimates and determined the level of enrollment that generated an elasticity of zero.
IV. COST-SAVINGS FROM CONSOLIDATION -SIMULATION AND DISCUSSION
The empirical findings reveal that significant scale economies exist across Arkansas School district consolidation has several potential benefits and drawbacks. Lower education budgets would free funds for use on other services, thus alleviating some fiscal pressure faced by local governments. School districts could also hire and retain qualified teachers by offering higher wages. Additional training with new educational technology would also be possible. In effect, consolidation would allow more resources to be allocated toward enhancing student performance.
Opponents of consolidation, especially those in rural areas, fear a loss of representation and the closeness of the school districts to the general public since the social fabric of many rural communities is centered on the local school district. Consolidation may increase travel times and reduce student safety as the distance between school and home increases. Opponents argue that the forgone savings from consolidation reflect the value that individual school districts place on autonomy.
Reducing the number of school districts may also give school officials in the remaining districts greater monopoly and agenda-setting power. This is because the weight of each household's education preferences in a larger consolidated school district is a much smaller percentage of the total district preferences than in smaller districts. If each household feels that its opinions are not being heard or acted upon, they may become disheartened and no longer participate in school district planning. Following Niskanen (1971) and Brennan and Buchanan (1980) , it is possible that school officials will exploit this monopoly power for self-interested goals, thereby reducing or negating any cost savings from consolidation.
While the authors recognize the arguments for and against consolidation, this section of the paper provides estimates on the potential cost-savings from hypothetical school district consolidation in Arkansas. We look at the cost-savings for total costs as well as costs for transportation, supplies, and teacher salaries to explore from which expenditure category the bulk of cost savings would come.
We present a consolidation simulation where all of the school districts in a rural county are consolidated into a single school district, in effect giving the respective county one larger school district after consolidation. Our consolidation simulation uses Leslie, Marshall, St. Joe, and Witts Springs school districts in Searcy county, Arkansas. Total enrollment in these districts was 279, 825, 272, and 83, respectively during the 1999-2000 school year. The consolidated school district would have an enrollment of 1,459 students.
All variables in the cost function equation (3) were recalculated using data from the individual districts included in the consolidation. The endogenous input price (W) and student achievement (A) variables were first predicted in the median voter education demand model using the new level of enrollment and the full sample means of all other variables. The fitted values for these three variables for the individual districts were then used to compute respective variables for the consolidated school district. Average teacher salary (W) in the consolidated district is the sum of teacher salary expenditures in each district divided by the total number of FTE teachers in the districts. Test scores for the consolidated district are an average of the test scores from each individual district. 17 The dropout rate for the consolidated district is the sum of the number of dropouts in each individual district divided by the new level of enrollment. The percent of students below the poverty level and the percent of students receiving free lunches were recalculated in the same manner. Finally, the percent of adults with a college education remains unchanged since this variable is at the county level.
These new variables for the consolidated school district are used with the cost function parameter estimates in Table 2 to predict variable costs and variable costs per unit after consolidation. Standard errors for each prediction are calculated to generate 95 percent confidence intervals for each predicted cost. 18 The simulation results are shown in Table 4 .
[ Table 4 about here]
Columns 1 and 2 list actual costs and costs per student for each independent school district. Costs and costs per student for the consolidated district are shown in columns 3 and 4.
A 95 percent confidence interval for costs per student in the consolidated district is listed in column 5, and the percent in per student cost savings is shown in column 6.
Total per student cost savings from consolidation range from 19.3 to 53.8 percent, with an average cost per student savings of 34.1 percent. Costs per student drop from a four-district average of $3,155 to $1,995. In terms of percentages, the largest savings come from transportation costs and supply cost. This finding is contrary to that of Duncombe, Miner, and Ruggiero (1995) who found that transportation costs per student increase beyond 500 students.
On caveat with the transportation estimates is that enrollment was not a significant determinant of per student transportation costs, although Figure 2 revealed that transportation costs per student decrease rapidly up to 500 students and continue to decrease at a lesser rate beyond that point. Therefore, if one takes stock in the results that enrollment does not impact transportation costs per students, then there will be no transportation cost savings from consolidation, but there will be no significant cost per student increases either. However, as noted in Duncombe, Miner and Ruggiero (1995) and argued by consolidation opponents, there may be a significant increase in travel time costs to students and parents after school district consolidation.
Teacher salary expenses are the largest component of total costs. Consolidating school district will save an average of 30.6 percent in per student salary costs, with the largest savings coming from the independent districts with the smallest enrollments. Whether this reduction will come at the expense of teaching jobs is an unresolved issue. Salary savings could come through attrition or early retirement rather than layoffs. Also, the desired student-to-teacher ratio may come at the expense of salary savings. Districts will have to evaluate these issues.
The simulations in Table 4 clearly show that school districts can experience large cost savings from consolidation. In terms of total dollars, the four independent school districts have combined total costs of $4,004,337 before consolidation, and after consolidation have predicted total costs of $2,910,705. This is an annual saving of $1,093,632. If one considers half of Arkansas counties as rural and one assumes a similar cost savings from consolidating districts in these rural counties, then a rough estimate of annual cost savings approaches $40 million annually. The cost savings could be significant for small rural communities.
While scale estimates reveal significant cost-savings from consolidation, an important issue is that geographical constraints may make the consolidation of rural school districts impracticle. Duncombe, Miner, and Ruggiero (1995) discuss how rural school district consolidation in New York may not result in cost savings because of large distances between sparsely populated, rural school districts. They argue that cost savings could be obtained by sharing administration and support services rather than consolidating actual school buildings.
Their conclusions are based on the findings of decreasing returns to scale in transporation and instructional costs beyond 1,000 students.
We argue that geography should not prevent the consolidation of school districts if there are long run cost savings and public support. Contrary to Duncombe, Miner, and Ruggerio (1995) , our results for Arkansas reveal that rural school districts would experience instructional cost savings, as well possible transportation cost savings, from consolidation. Also, if concern arises over the distance between the consolidated school district and rural communities, it may be cost effective in the long run to construct new school that minimize the distance between the new schools and the communities they serve. Bonds and revenue generated from the sale of existing school buildings could be used to finance the project. This may certainly result in a large initial cost increase from consolidation, but significant annual savings from consolidation may result in an overall cost saving from the consolidation of school districts.
There are undoubtedly numerous other consolidation possibilities. The point we wish to make is that local officials and parents should publicly discuss the issue of consolidation and, through the democratic process, come to a consensus as to what they deem best for their communities and children.
V. SUMMARY AND CONCLUSIONS
This paper estimated scale economies for Arkansas school districts. The results are important to both the literature on this subject and to the public policy decision process. We find that significant scale economies exist in teacher salary costs, supply costs, and total costs. The results are less clear regarding transportation costs. The magnitude of scale economies for Arkansas differs from that found in previous studies, highlighting the importance of analyzing each state separately in order to allow effective policy regarding school district consolidation.
The empirical models also revealed large inefficiencies across Arkansas school districts.
This study quantified the cost-savings to public school districts from consolidating. We performed a simulation where four rural school districts in one county are consolidated to a single school district. Standard errors for predicted per student cost savings were computed to generate confidence intervals for the predicted per student cost savings. We find that, on average, the four school rural school districts would experience a 34 percent saving in costs per student.
Consolidation would alleviate some fiscal pressures faced by state and local governments and would free funds for use on other services by reducing education budgets. School districts could also hire and retain qualified teachers by offering higher wages that would be afforded by consolidation, and additional training with new educational technology would also be possible.
In effect, consolidation could allow more resources to be allocated toward enhancing student performance. While consolidation would offer cost-savings, it may also generate additional costs, such as a loss of representation and the closeness of the school districts to the general public, increased travel times, and a reduction in student safety as the distance between school and home increases. This study has not addressed these potential costs to consolidation.
The consolidation of school districts is a controversial issue drawing harsh reactions from both opponents and proponents. State and local officials must have solid evidence on the all the potential cost savings and additional costs of consolidation, in addition to input from parents and educators, in order to make an informed and socially beneficial decision regarding the consolidation of school districts.
the state average of 32.4 percent. The Arkansas figure falls within the seventy-fifth percentile of the distribution.
6. We are making the assumption here that there is a direct correlation between educational expenditures and quality. Ferguson and Ladd (1996) find that instructional spending in Alabama school districts had a large, positive effect on test scores. However, Hanushek (1996) argues there is no relationship between expenditures and student performance. Despite these studies, the impact consolidating school districts might have on student performance has not been adequately addressed in the literature.
7. See Andrews, Duncombe, and Yinger (2002) for a survey of the literature.
8. Ruggiero and Vitaliano (1999) explore the inefficiency of New York public school districts.
9. There are 310 school districts in Arkansas. The school districts in the largest cities were dropped since these districts had enrollment levels significantly greater than all other districts in the state. Five districts (each with enrollment >10,000) in the cities of Little Rock, Fort Smith, and Springdale were dropped. Also, 18 districts were excluded due to incomplete data.
10. The translog cost function has been used to analyze scale economies in other public and private industries such as police departments (Gyimah-Brempong, 1987) , public libraries (Deboer, 1992) , agriculture (Garrett, 2001) , and the electric utility industry (Christensen and Greene, 1976) . However, use of the translog cost function assumes that the industry of interest is a cost-minimizer. Hanushek (1986) The predictions were originally in natural logarithms, therefore +/-2 standard errors was computed using the natural logarithm of per student expenditures. These figures were then exponentiated to arrive at the level estimates shown above. Standard errors for per student costs in the consolidated school district areTransportation: 0.0729, Teacher Salary: 0.0569, Supplies: 0.0692, Total: 0.0547. The percent cost savings in column (6) was computed by dividing column (4) by column (2) and subtracting this quotient from one.
